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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide the 
monitoring device capable of improving accuracy in 
detecting defects. 

SOLUTION: In the housing of a laser torch 12, a 

*- -. , 

con densing lens .15 is provided that converge 

welding light produced from a welding part so as to 
have the same optical axis as that of a laser beam 
emitted to a workpiece 14. Among the beams of the 
welding light, plasma light beams are converted to 
electrical signals through plural optical fibers 2 
and plural photodiodes 3. Among the beams of the 
welding light, the reflected light of the emitted 
laser beam are converted to electrical signals 
through plural optical fibers 4 and plural 
photodiodes 5. A device 6 for discriminating and 
processing welding conditions detects defects of 
welded parts based on the levels of the plural 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the laser- 
welding condition-monitoring equipment and the surveillance method for detecting the 
light from a welding part and evaluating the size of defective detection of welding, or a 
bead about the defective detection in a laser-welding machine, based on the intensity 
especially. 
[0002] 

[Description of the Prior Art] Laser welding welds by irradiating the shape of a pulse and 
continuation laser beam outputted from the laser oscillation machine at an object work. 
An inspector conducts weld flaw inspection in laser welding in many cases by viewing or 
use of inspection equipment off-line. In this case, with a mass-production-method line 
like automobile manufacture, inspection of an abundant part is needed and an inspector's 
burden is large. Moreover, it is most desirable to conduct defective inspection in parallel 
to [ inspection time needs to be short and ] welding from a viewpoint of the productivity 
of a production line. 

[0003] The following technique is proposed by this invention person as online-inspection 
technology of the welding state in laser welding. 

[0004] This technique is explained with reference to drawing 1 1 . In drawing 1 1 , the 
laser beam of the shape of a pulse generated with YA^JLaserX^Q^l is led to the laser 
torch 12 with a transmission fiber, and it welds by irradiating a work 14 through the YAG 
las er reflec t ive minox-13 and the optical lens which is not illustrated in the laser torch 12. 
[0005] In the housing of the laser torch 12, the condenser lens 1 5 which condenses the 
light (this is hereafter called welding light) emitted from a weld zone as becomes the 
optical axis and the same axle of a laser beam (it is hereafter called an irradiation laser 
beam) which are irradiated by the work 14 is formed. The plasma light generated in 
process of welding, the reflected light of an irradiation laser beam, and a surrounding 
light are contained in welding light. In the YAG laser reflective mirror 13, although most 
reflected lights of the irradiation laser beam from a weld zone are reflected, very much, a 
part penetrates and plasma light is penetrated as it is. 

[0006] After the condenser lens 15, only the reflected light of an irradiation laser beam 
was reflected among welding light, and the remaining light has formed the YAG light 
reflex mirror 16 to penetrate. The YAG light cut-off filter 17 for extracting only the 
plasma light generated in process of welding from the transmitted light of the YAG light 
reflex mirror 16 is formed in the transparency section side of the YAG light reflex mirror 
16. On the other hand, the YAG light-transmission band-pass filter 18 for extracting only 
the reflected light of an irradiation laser beam from the reflected light of the YAG light 
reflex mirror 16 is formed in the reflective section side of the YAG light reflex mirror 16. 
[0007] In addition, as mentioned above, in the laser torch 12, the YAG laser reflective 
mirror 13 in which the laser beam from YAG laser VCO 1 1 is reflected and which is 
irradiated towards a work 14 is formed. For this reason, it will be reflected by the YAG 
laser reflective mirror 13, the part will leak, and the reflected light of an irradiation laser 
beam will be condensed with a condenser lens 1 5 as the reflected light. As for the 
' reflected light of the irradiation laser beam contained in welding light, in other words, 



only the part reaches a condenser lens 15. 

[0008] It separates into plasma light and the reflected light by condensing with the 
condenser lens 1 5 which installed the welding light emitted from the weld zone of a work 
14 in an irradiation laser beam and the same axle, and reflecting only YAG light by the 
YAG light reflex mirror 16 by the above composition. As for plasma light, the light of 
wavelength regions other than plasma light is cut through the YAG light cut-off filter 17 
after separation. The light which came out of the YAG light cut-off filter 1 7 is changed 
into the voltage signal according to light-receiving intensity with the photodiode 20 and 
amplifier 21 as an optoelectric transducer, and is outputted to the welding state judging 
processor 23. 

[0009] On the other hand, as for the reflected light from the YAGJight.refle2Lrnip"or 16, 
the light of wavelength regions other than YAG light is cut through the YAG light- 
transmission [ba nd-pass filter 18 . The light which came out of tKeTAG* light- transmission 
b ajid- j^ssTTlt ^ voltage signal according to li^ jtrecgiving 

intensity witft jne photodiode ^ T^d am pli ferr2^ :as-an optoelectric transducer , and is 
ou$uttM~foTEe welding ^Eat^judging p^cesgOTj 3^ 

[0010] The welding state judging processor 23 performs judgment processing of 
defective detection etc. based on the voltage signal from amplifier 21 and 25, the need is 
accepted, and with display 26 or storage 27, is displayed and records the result. In 
addition, the processing algorithm for defective detection is indicated by the applicant for 
this patent at "laser- welding defective detection equipment (Japanese Patent Application 
No. No. 213223 [ nine to ])". [ finishing / application / already ] 

[001 1] When it explains briefly, the processing algorithm for defective detection The low 
pass filter for removing the high frequency component defined beforehand from a digital 
voltage signal, The differential processing section for differentiating the output of this 
low pass filter and outputting a differential signal, The 1st defect is detected by whether 
the value of the aforementioned digital voltage signal is over the 1st threshold LI. The 1st 
processing means for the value of the aforementioned digital voltage signal detecting the 
2nd defect by whether it is a low rather than the 2nd threshold L2 of a low from the 1st 
threshold LI, The 2nd processing means which detects whether it is over the range of the 
3rd threshold L3 which carried out this value in between on the basis of the case where 
the value of the aforementioned differential signal is variation 0, and the 4th threshold L4 
(however, L3>L4), this — when there is an output only from the processing means of the 
above 2nd in response to the detection result of the 2nd processing means, and the 
detection result of the processing means of the above 1st, it realizes in the defective kind 
distinction processing section which detects this as the 3rd defect 
[0012] Defective detection can be performed by performing the processing algorithm for 
defective detection about two voltage signals from amplifier 21 and 25 with such 
composition. 
[0013] 

[Problem(s) to be Solved by the Invention] In order that this technique may detect the 
reflected light and plasma light of an irradiation laser beam which condensed two- 
dimensional with the condenser lens 15 by one photodiodes 20 and 24, respectively, it 
will make the measurement value the total amount of the optical intensity which received 
light to the light-receiving side of photodiodes 20 and 24. On the other hand, the two- 
dimensional distribution of the reflected light of an irradiation laser beam or plasma 
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luminous intensity may change with welding states. 

[0014] change of a distribution of the reflected light of an irradiation laser beam [ in / a 
photodiode / in drawing 12 ] » being typical (it having drawn by the single dimension in 
simple) — it is shown, and when melting of a weld zone is good, drawing 12 (b) of 
drawing 12 (a) is an example when melting of a weld zone is bad In drawing 12 , when 
drawing 12 (a) and drawing 1 (b) have the equal total amount of the reflected light 
intensity of an irradiation laser beam, change of a melting state can be detected by the 
above-mentioned technique (namely, when the area of the slash section in drawing is 
equal). 

[0015] Then, the technical problem of this invention is by arranging two or more 
optoelectric transducers to offer the laser- welding condition-monitoring equipment which 
can raise the detection precision of a defect. 

[0016] this invention is to offer the laser- welding condition-monitoring method of having 

been suitable for above laser-welding condition-monitoring equipment again. 

[0017] 

[Means for Solving the Problem] In the laser-welding machine which welds by the laser- 
welding condition-monitoring equipment by this invention irradiating a laser beam on a 
laser torch at a work In the housing of the aforementioned laser torch, the condenser lens 
which condenses the welding light emitted from a welding part as becomes the optical 
axis and the same axle of the aforementioned laser beam which are irradiated by the 
aforementioned work is prepared. It is characterized by performing defective detection of 
a welding part based on two or more luminous intensities which received light by two or 
more light-receiving meanses which the light condensed with the aforementioned 
condenser lens was made to adjoin mutually, and have arranged it, and received light 
with two or more aforementioned light-receiving meanses. 

[0018] While reflecting only the reflected light of the aforementioned laser beam after the 
aforementioned condenser lens and preparing the 1st laser beam reflective mirror which 
the remaining light penetrates in this laser-welding condition-monitoring equipment this - 
- the 1 st filter for extracting only the plasma light generated in process of welding from 
the transmitted light of the 1st laser beam reflective mirror and the 2nd filter for 
extracting only the reflected light of the aforementioned laser beam from the reflected 
light of the aforementioned laser beam reflective mirror are prepared 
[0019] While arranging two or more optoelectric transducers which carry out photo 
electric translation of the light received after the 1st filter of the above as two or more 
aforementioned light-receiving meanses by two or more optical fibers and two or more of 
these optical fibers as the 1st group, it is desirable to arrange two or more optoelectric 
transducers which carry out photo electric translation of the light received also after the 
2nd filter of the above by two or more optical fibers and two or more of these optical 
fibers as the 2nd group. 

[0020] In addition, in the aforementioned laser torch, the 2nd laser beam reflective mirror 
in which the laser beam from the laser transmission fiber linked to the source of laser 
oscillation is reflected and which is irradiated towards the aforementioned work is 
prepared, and the aforementioned condenser lens condenses the welding light emitted 
from the aforementioned welding part through the laser beam reflective mirror of the 
above 2nd. 

[0021] Moreover, it has the judgment processor which performs defective detection of a 
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welding part based on the level of two or more electrical signals from the optoelectric 
transducer of the 1st group of the above, and the level of two or more electrical signals 
from the optoelectric transducer of the 2nd group of the above. This judgment processor 
about each of the 1st group of the above, and the 2nd group of the above a ******** [ 
that there is level of two or more electrical signals within limits defined beforehand, 
respectively ] — distinguishing - the account of before — the time of being within limits 
defined beforehand — "0" — the account of before — when [ out of range ] set beforehand, 
while outputting "1" as a distinction result, the existence of a defect is judged as 
compared with the threshold which performed weighting beforehand set to each 
distinction result, and was able to define beforehand the total of a value by which 
weighting was carried out 

[0022] The aforementioned judgment processor has further an evaluation means to 
evaluate the size of a weld bead based on the level of two or more electrical signals from 
the optoelectric transducer of the 1st group of the above, and the level of two or more 
electrical signals from the optoelectric transducer of the 2nd group of the above. This 
evaluation means about each of the 1st group of the above, and the 2nd group of the 
above a ******** [ that the level of two or more electrical signals is higher than the 
threshold set up beforehand, respectively ] distinguishing — the account of before — 
you may make it evaluate the depth and width of face of a weld bead based on the 
number of electrical signals higher than the threshold set up beforehand 
[0023] Furthermore, w hile arranging the 1st CCD camera which can detect t he light a nd 
infraredjightjifterjthe 1st filt er of the above as two or more aforementioned light- 
receiving meanses, you may make it arrange the 2nd CCD camera which can detect the 
light and infrared light also after the 2nd filter of the above. 

[0024] When using a CC D camer a, it has the judgment processor which carries out the 
image processing ot the picture from the 1 st CCD camera of the above, and the picture 
from the 2nd CCD camera of the above individually, and perfo rms defective detection of 
a^w^lding^p^t. This judgment processor The intensity level for every pixel from the 1st 
CCD camera of the above The intensity level for every pixel from (it is hereafter called 
the 1st intensity-level group) and the 2nd CCD camera of the above a ********[ that 
there are two or more intensity levels within limits defined beforehand, respectively 
about each of (calling it the 2nd intensity-level group hereafter) ] — distinguishing — the 
account of before — the time of being within limits defined beforehand — "0" — the 
account of before » when [ out of range ] set beforehand, while outputting "1" as a 
distinction result, the existence of a defect is judged as compared with the threshold 
which performed weighting beforehand set to each distinction result, and was able to 
define beforehand the total of a value by which weighting was carried out In using a CCD 
camera, the aforementioned judgment processor has further an evaluation means to 
evaluate the size of a weld bead based on the level of two or more electrical signals from 
the optoelectric transducer of the 1st group of the above, and the level of two or more 
electrical signals from the optoelectric transducer of the 2nd group of the above again. 
This evaluation means about each of the 1st group of the above, and the 2nd group of the 
above a ******** [ that the level of two or more electrical signals is higher than the 
threshold set up beforehand, respectively ] — distinguishing — the account of before — 
you may make it evaluate the depth and width of face of a weld bead based on the 
number of electrical signals higher than the threshold set up beforehand 



[0025] The laser- welding condition-monitoring method of performing defective detection 
of a welding part based on two or more luminous intensities which received light by two 
or more light-receiving meanses which condensed the welding light to emit, and the 
condensed light was made adjoining mutually and have arranged it from a welding part 
again according to this invention, and received light with two or more aforementioned 
light-receiving meanses is offered. 
[0026] 

[Embodiments of the Invention] With reference to drawing 1 , the whole laser-welding 
condition-monitoring equipment system by the gestalt of desirable operation of this 
invention is explained. In addition, the same number is given to the same portion as 
drawing 1 1 . The YAG laser light from YAG laser VCO 1 1 is led to the laser torch 12, 
and it welds by irradiating a work 14 through the YAG laser reflective mirror 13 and the 
optical lens which is not illustrated in the laser torch 12. It separates into plasma light and 
the reflected light of an irradiation laser beam by condensing with the condenser lens 1 5 
which installed the welding light emitted from the weld zone of a work 14 in an 
irradiation laser beam and the same axle, and reflecting only YAG light by the YAG light 
reflex mirror 16. Plasma light is received after separation by two or more optical fibers 2 
which penetrated, and the YAG light cut-off filter 17 was clustered, and have arranged it. 
Photo electric translation of the received plasma light is carried out by the photodiode 3 
individually combined with each optical fiber 2, respectively. 

[0027] On the other hand, the reflected light of an irradiation laser beam is received by 
two or more optical fibers 4 which the YAG light-transmission band-pass filter 1 8 is 
penetrated, was clustered, and have arranged it. Photo electric translation of the received 
plasma light is carried out by the photodiode 5 individually combined with each optical 
fiber 4, respectively. Two or more voltage signals by which photo electric translation was 
carried out by photodiodes 3 and 5 are amplified with the amplifier which is not 
illustrated, respectively, and are inputted into t he welding state judging processor 6. The 
welding state judging processor 6 processes defective detection etc. based on the level of 
two or more inputted voltage signals, the need is accepted, and with display 26 or storage 
27, is displayed and records the result. That is, the welding state judging processor 6 
processes defective detection etc. separately about two or more voltage signals from a 
photodiode 3, and two or more voltage signals from a photodiode 5. 
[0028] The relation between an optical fiber 2 and a photodiode 3 is shown in drawing 2 . 
Two or more optical fibers 2 are clustered, an edge is arranged in the shape of a field, and 
welding light is condensed there. Although nine optical fibers 2 are clustered in drawing 
2 , a number and one diameter of a fiber are chosen suitably. The light transmitted by the 
optical fiber 2 is received by one photodiode 3 for every one optical fiber. Such a relation 
is the same also about an optical fiber 4 and a photodiode 5. 

[0029] In addition, an optical fiber 2 or 4 is used because an optical fiber is clustered so 
that a crevice may not be produced like drawing 2 , and it can arrange. On the other hand, 
an old photodiode is difficult for making it crowd so that a crevice may not be produced 
from the configuration, and arranging. However, as long as it is the optoelectric 
transducer which is clustered including a photodiode so that a crevice may not be 
produced, and can be arranged, you may make it receive the reflected light of plasma 
light or an irradiation laser beam without an optical fiber directly by the optoelectric 
transducer. 



[0030] On the other hand, it may replace with the combination of an optical fiber and a 
photodiode, and visible/infrared CCD camera 7 may be used like drawing 3 . Here, 
visible/infrared CCD camera is a CCD camera which can detect the light and infrared 
light. The reflected light of an irradiation laser beam and plasma light are received by 
respectively different visible/infrared CCD camera 7, and the picture is transmitted to the 
welding state judging processor 6. However, since visible/infrared CCD camera 7 
transmits a picture an about 30 msec period, a defect may be overlooked depending on 
timing (a picture is unacquirable at the time of defective generating). Moreover, with the 
composition which uses visible/infrared CCD camera 7, an image processing system is 
installed in the welding state judging processor 6. About each pixel of the picture from 
visible/infrared CCD camera 7, this image processing system detects brightness and 
processes defective detection etc. based on the detected intensity level. In this case, 
although one pixel will be equivalent to one optical fiber of drawing 1 , the sum of the 
intensity level of two or more pixels is computed as one judgment field which is 
equivalent to one optical fiber in two or more pixels which adjoin each other, and it may 
be made to perform defective detection based on this sum. 

[0031] Drawing 4 is the block diagram showing the composition of the welding state 
judging processor 6 applied to the composition of drawing 1 . Welding states, such as 
defective detection, are judged according to the processing algorithm which carried out 
digital conversion of two or more voltage signals by which photo electric translation was 
carried out by the photodiode 3 (5) by A/D converter 6-1, and was beforehand defined by 
CPU 6-2 and the high speed signal processing processor 6-3. Although two or more 
voltage signals by which photo electric translation was carried out by the photodiode 3, 
and two or more voltage signals by which photo electric translation was carried out by 
the photodiode 5 are inputted into A/D converter 6-1 for convenience, digital conversion 
does not have being carried out separately until it says it. The composition of such 
equipment itself is common as a signal processor, and it can be easily realized using a 
personal computer. 

[0032] In addition, in using visible/infrared CCD camera 7 of drawing 3 , it considers as 
the composition which replaced A/D converter 6-1 with the image processing system. 
[0033] Below, the algorithm of defective detection and weld-bead evaluation in the 
welding state judging processor 6 is explained. Although explained in batch for 
convenience, data processing is serially carried out in fact using the level of a 
measurement signal. 

[0034] (1) Time series shows the wave of the measurement signal at the time of receiving 
welding light (reflected light of plasma light or an irradiation laser beam) in n optical 
fibers to defective detection drawing 5 . Like drawing 5 , generating of a weld flaw 
changes the level of a measurement signal remarkably. Therefore, a defect is detectable 
by setting up a suitable threshold and detecting level change. A procedure is shown 
below. 

[0035] ** Remove a high frequency component for the signal after A/D-conversion 
processing by digital low pass filter processing. Consequently, a processing signal as 
shown in drawing 6 is acquired. 

[0036] ** Set up a certain range with the thresholds a and b defined beforehand, if it 
distinguishes whether the level of a processing signal is within the limits of this and is 
this within the limits -- "0" - if out of range, a flag will be stood as a defective candidate 



(a flag is set to "1") This distinction result is shown in drawing 7 . 
[0037] ** In order to judge the existence of a defect finally, perform data processing. 
[0038] The outline of a data-processing algorithm is shown in drawing 8 . The weighting 
factor beforehand set as the value (0 or 1) of the flag distinguished according to the 
optical fiber is hung, and it asks for total. When it is more than the threshold that total set 
up beforehand, it judges with a defect. It is because there are a part to think as important 
also in a weld zone and a part which is not if so important especially to set up a weighting 
factor according to an optical fiber. Then, a big weighting factor is set to the distinction 
result of the optical fiber of a part to think as important, and if so important, a small 
weighting factor is set to the distinction result of the optical fiber of the part which is not. 
Moreover, when the power change of laser is carried out, it is necessary to also change 
the field of the weld zone which should be supervised. For example, when laser is 
upgraded, a change which enlarges a weighting factor also to the distinction result of the 
optical fiber of an outside field is made. 

[0039] In addition, the welding state judging processor 6 will perform an output with 
defective, if defective detection etc. is separately processed based on the above- 
mentioned algorithm and a defect is detected in one [ at least ] processing about two or 
more voltage signals from a photodiode 3, and two or more voltage signals from a 
photodiode 5. 

[0040] (2) As for change of the depth and width of face, in the evaluation weld bead of 
the size of a weld bead, the two-dimension-breadth of welding light (reflected light of 
plasma light or an irradiation laser beam) also changes a size. It can ask for the breadth 
area of welding light from this, and the size of a weld bead can be evaluated. 
[0041] As shown in drawing 9 , the number of the optical fiber which receives welding 
light changes by change of a weld bead. Therefore, the correlation of the depth of a weld 
bead and width of face, and the number of the optical fiber which received light is 
beforehand searched for by the experimental result. And at the time of actual welding 
processing, the depth and width of face of a weld bead can be evaluated from the number 
of the optical fiber which received light based on this experimental result. 
[0042] The example of the correlation of the depth of a weld bead and width of face, and 
the number of the optical fiber which received light is shown in drawing 10 three kinds. 
[0043] An actual signal-processing procedure is shown below. 
[0044] ** Remove a high frequency component for the signal after A/D-conversion 
processing by digital low pass filter processing. This is the same processing as defective 
detection of the above (1). 

[0045] ** If the level of threshold c set up beforehand and a measurement signal is 
compared and it becomes more than threshold c, it will judge with those with light- 
receiving to an optical fiber, and will count to it. 

[0046] ** Evaluate the depth and width of face of a weld bead based on an experimental 
result from the number of the optical fiber judged to be those with light-receiving. 
[0047] In addition, although YAG laser VCO is used as a laser oscillation machine in the 
above-mentioned explanation, they are not only this but other COs2. It is applicable also 
to^the laser-weldingjnachine usin g a laser os c illation ma chine and egcimer la serV O X'15^ 
this^ser^^ntip^itioiror^tical system and selection of a pfioToSiode, i.e., an 
optoelectric transducer, are performed so that detection of the reflected light of an 
irradiation laser beam may be possible. 



[0048] 

[Effect of the Invention] According to this invention, the following effects are acquired. 
[0049] 1. Since a many-sided welding state can be judged by dividing welding light into 
plasma light and the reflected light of an irradiation laser beam, and measuring those 
distributions by-dimensional [ 2 ] and the multipoint, improvement in defective detection 
precision can be aimed at, and the size (depth, width of face) of a weld bead can also be 
evaluated. 

[0050] 2. Defective detection can be performed, even if the configuration of a work is 
complicated, since measurement of welding light can be performed on an irradiation laser 
beam and the same axle from the laser torch upper part. 

[0051] 3. It is applicable not only to flattening but 3 -dimensional processing from above 
1 and 2. 

[0052] 4. Since ** people and laborsaving of an inspector can be realized and inspection 
time shortening by the online inspection can be attained, contribute greatly to the 
production-line automation (full automation) by defective detection automation. 



[Translation done.] 



.This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Brief Description of the Drawings] 

[Drawing 1] It is drawing having shown the composition of the weld flaw condition- 
monitoring equipment by the gestalt of operation of this invention. 
[Drawing 2] It is drawing for explaining the relation of the optical fiber and photodiode 
which were shown in drawing 1 . 

[Drawing 3] It is drawing for explaining the case where replace with the optical fiber and 
photodiode which were shown in drawing 1 , and visible/infrared CCD camera is used. 
[Drawing 4] It is the block diagram having shown the composition of the welding state 
judging processor shown in drawing 1 . 

[Drawing 5] It is the wave form chart having shown the example of the measurement 
signal acquired from the optical fiber shown in drawing 1 about the case with defective. 
[Drawing 6] It is the wave form chart after performing low pass filter processing to the 
measurement signal shown in drawing 5 . 

[Drawing 7] It is drawing showing the result which distinguished a defective candidate's 
existence to the signal shown in drawing 6 . 

[Drawing 8] It is drawing for explaining the defective detection processing algorithm 
performed using the distinction result shown in drawing 7 . 

[Drawing 9] In order to explain the evaluation method of the size of a weld bead, it is 
drawing having shown the example of a 2-dimensional distribution of the welding light to 
the optical fiber in drawing 1 . 

[Drawing 10] It is drawing having shown the example of the correlation of the depth of a 
weld bead and the light-receiving number of width of face and an optical fiber required 
for evaluation of the size of a weld bead. 

[Drawing 11] It is drawing having shown the composition of the weld flaw detection 
equipment already proposed by this invention person. 

[Drawing 12] It is drawing for explaining the trouble in the weld flaw detection 

equipment shown in drawing 1 1 . 

[Description of Notations] 

2 Four Optical fiber 

3, 5, 20, 24 Photodiode 

21 25 Amplifier 

1 1 YAG Laser VCO 

12 Laser Torch 

1 3 YAG Laser Reflective Mirror 

14 Work 

15 Condenser Lens 

16 YAG Light Reflex Mirror 

1 7 YAG Light Cut-off Filter 

1 8 YAG Light-Transmission Band-pass Filter 
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